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1

SYSTEM AND METHOD FOR PROVIDING A
COUNTDOWN NOTIFICATION RELATING
TO A MOVEMENT OF A BARRIER

RELATED APPLICATIONS

This application claims priority to U.S. Provisional Appli-
cation Ser. No. 62/542,755 filed on Aug. 8, 2017, which 1s
expressly imncorporated herein by reference. This application
also claims priority to U.S. Provisional Application Ser. No.

62/544,422 filed on Aug. 11, 2017, which 1s also expressly
incorporated herein by reference.

BACKGROUND

In many cases, movable barriers such as garage doors may
take a significant amount of time to move from one state to
another. For example, as a vehicle approaches a home
location, 1t may take a significant amount of time for a
garage door opener to completely open the garage door from
a fully closed state to a fully opened state to allow the
vehicle to be parked within a garage. In many instances the
vehicle arrives at a site of the movable barrier with 1t having
only partially completing 1ts opening cycle. Consequently,
the vehicle driver must completely stop the vehicle and wait
for the movable barrier to completely open thereby wasting
time and energy.

The vehicle driver may be able to actuate sending of a
movable barrier opening signal some time in advance of the
arrival at the site of the movable barrier to avoid such a wait.
However, it may be undesirable to initiate the opening of the
movable barrier too preemptively, as this could unsecure
contents placed behind the movable barrier until such time
that the vehicle reaches the barrier. Additionally, since all
movable barriers operate differently based on type, instal-
lation conditions, and other environmental factors, 1t may
not be easy for the vehicle driver to estimate how long the
movable barrier takes to completely open from a fully closed
state to a fully opened state to actuate the sending of the
movable barrier opening signal. Additionally, 1t may unde-
sirable for the vehicle drniver to estimate at which point the
vehicle 1s within a range to send the movable barrier signal
to open the movable barrier to avoid the wait.

BRIEF DESCRIPTION

According to one aspect, a method for providing a count-
down notification relating to a movement of a barrier that
includes measuring a duration of the movement of the
barrier. The method also includes determining a current state
of the barrier. The current state of the barrier includes at least
one of: an opened state and a closed state. The method
additionally includes sending at least one barrier control
signal to remotely control movement of the barrier. The at
least one barrier control signal 1s based on the current state
of the barrier. The method further includes presenting the
countdown notification relating to the movement of the
barrier. The countdown notification includes a countdown of
the duration of the movement of the barrier to traverse from
at least one of: the closed state to the opened state, or the
opened state to the closed state.

According to another aspect, a system for providing a
countdown notification relating to a movement ol a barrier
that includes a memory storing instructions when executed
by a processor cause the processor to measure a duration of
the movement of the barrier. The nstructions also cause the
processor to determine a current state of the barrier. The
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current state of the barrier includes at least one of: an opened
state and a closed state. The instructions additionally cause
the processor to send at least one barrier control signal to
remotely control movement of the barrier. The at least one
barrier control signal 1s based on the current state of the
barrier. The instructions further cause the processor to
present the countdown notification relating to the movement
ol the barrier. The countdown notification 1ncludes a count-
down of the duration of the movement of the barnier to
traverse from at least one of: the closed state to the opened
state, or the opened state to the closed state.

According to still another aspect, a computer readable
storage medium storing 1nstructions that when executed by
a computer, which includes at least a processor, causes the
computer to perform a method that imncludes measuring a
duration of a movement of a barrier. The nstructions also
include determining a current state of the barrier. The current
state of the barrier includes at least one of: an opened state
and a closed state. The mstructions additionally include
sending at least one barrier control signal to remotely control
movement of the barrier. The at least one barrier control
signal 1s based on the current state of the barnier. The
instructions further include presenting the countdown noti-
fication relating to the movement of the barrier. The count-
down notification includes a countdown of the duration of
the movement of the barrier to traverse from at least one of:
the closed state to the opened state, or the opened state to the
closed state.

BRIEF DESCRIPTION OF THE DRAWINGS

The novel features believed to be characteristic of the
disclosure are set forth in the appended claims. In the
descriptions that follow, like parts are marked throughout the
specification and drawings with the same numerals, respec-
tively. The drawing figures are not necessarily drawn to
scale and certain figures may be shown in exaggerated or
generalized form in the interest of clarity and conciseness.
The disclosure itself, however, as well as a preferred mode
ol use, further objects and advances thereot, will be best
understood by reference to the following detailed descrip-
tion of illustrative embodiments when read in conjunction
with the accompanying drawings, wherein:

FIG. 1 a schematic view of an operating environment for
implementing systems and methods for providing a count-
down notification within a vehicle relating to a movable
barrier according to an exemplary embodiment;

FIG. 2 1s a process tlow diagram of a method for provid-
ing a countdown notification relating to a movement of a
barrier according to an exemplary embodiment;

FIG. 3A 1s a process flow diagram of a method for
determining geo-fence zones associated with the barrier
within a learning mode of a barrier TOC application accord-
ing to an exemplary embodiment;

FIG. 3B 1s an illustrative example of an inner geo-fence
zone and at least one outer geo-fence zone as determined by
the barrier TOC application according to an exemplary
embodiment;

FIG. 4A 1s a process flow diagram of a method for
measuring a duration of a movement of the barrier within the
learning mode of the barrier TOC application according to
an exemplary embodiment;

FIG. 4B 1s an illustrative example of the barrier that 1s
configured as a garage door and a barrier controller that 1s
configured as a garage door opener according to an exem-
plary embodiment;
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FIG. 5 1s a process flow diagram of a method for deter-
mimng the current state of the barrier within an execution

mode of the barrier TOC application according to an exem-
plary embodiment;

FIG. 6 1s a process flow diagram of a method for sending
the at least one barrier control signal to remotely control
movement of the barrier within the execution mode of the
barrier TOC application according to an exemplary embodi-
ment;

FIG. 7A 1s a process tlow diagram of a method for
presenting the countdown notification relating to the move-
ment of the barrier within the execution mode of the barrier
TOC application according to an exemplary embodiment;
and

FIG. 7B 1s an illustrative example of a countdown inter-
face presented on a display unit of the vehicle according to
an exemplary embodiment.

DETAILED DESCRIPTION

The {following includes definitions of selected terms
employed herein. The definitions include various examples
and/or forms of components that fall within the scope of a
term and that can be used for implementation. The examples
are not intended to be limiting.

A “bus”, as used herein, refers to an interconnected
architecture that 1s operably connected to other computer
components inside a computer or between computers. The
bus can transfer data between the computer components.
The bus can be a memory bus, a memory controller, a
peripheral bus, an external bus, a crossbar switch, and/or a
local bus, among others. The bus can also be a vehicle bus
that interconnects components nside a vehicle using proto-
cols such as Media Oriented Systems Transport (MOST),
Controller Area network (CAN), Local Interconnect Net-
work (LIN), among others.

“Computer communication”, as used herein, refers to a
communication between two or more computing devices
(e.g., computer, personal digital assistant, cellular telephone,
network device) and can be, for example, a network transfer,
a file transfer, an applet transfer, an email, a hypertext
transier protocol (HTTP) transfer, and so on. A computer
communication can occur across, for example, a wireless
system (e.g., IEEE 802.11), an Fthernet system (e.g., IEEE
802.3), a token ring system (e.g., IEEE 802.35), a local area
network (LAN), a wide area network (WAN), a point-to-
point system, a circuit switching system, a packet switching,
system, among others.

A “disk™, as used herein can be, for example, a magnetic
disk drive, a solid state disk drive, a tloppy disk drive, a tape
drive, a Zip drive, a tlash memory card, and/or a memory
stick. Furthermore, the disk can be a CD-ROM (compact
disk ROM), a CD recordable drive (CD-R dnive), a CD
rewritable drive (CD-RW drive), and/or a digital video ROM
drive (DVD ROM). The disk can store an operating system
that controls or allocates resources of a computing device.

A “database”, as used herein can refer to table, a set of
tables, a set of data stores and/or methods for accessing
and/or mamipulating those data stores. Some databases can
be mcorporated with a disk as defined above.

A “memory”, as used herein can include volatile memory
and/or non-volatile memory. Non-volatile memory can
include, for example, ROM (read only memory), PROM
(programmable read only memory), EPROM (erasable
PROM), and EEPROM (electrically erasable PROM). Vola-
tile memory can include, for example, RAM (random access

memory), synchronous RAM (SRAM), dynamic RAM
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(DRAM), synchronous DRAM (SDRAM), double data rate
SDRAM (DDR SDRAM), and direct RAM bus RAM
(DRRAM). The memory can store an operating system that
controls or allocates resources of a computing device.

A “module”, as used herein, includes, but 1s not limited to,
non-transitory computer readable medium that stores
instructions, instructions in execution on a machine, hard-
ware, firmware, software 1n execution on a machine, and/or
combinations of each to perform a function(s) or an act-
ion(s), and/or to cause a function or action from another
module, method, and/or system. A module may also include
logic, a software controlled microprocessor, a discrete logic
circuit, an analog circuit, a digital circuit, a programmed
logic device, a memory device containing executing instruc-
tions, logic gates, a combination of gates, and/or other
circuit components. Multiple modules may be combined
into one module and single modules may be distributed
among multiple modules.

An “operable connection”, or a connection by which
entities are “operably connected”, 1s one 1 which signals,
physical communications, and/or logical communications
can be sent and/or received. An operable connection can
include a wireless interface, a physical interface, a data
interface and/or an electrical interface.

A “processor’, as used herein, processes signals and
performs general computing and arithmetic functions. Sig-
nals processed by the processor can include digital signals,
data signals, computer instructions, processor instructions,
messages, a bit, a bit stream, or other means that can be
received, transmitted and/or detected. Generally, the proces-
sor can be a variety of various processors including multiple
single and multicore processors and co-processors and other
multiple single and multicore processor and co-processor
architectures. The processor can include various modules to
execute various functions.

A “portable device™, as used herein, 1s a computing device
typically having a display screen with user input (e.g., touch,
keyboard) and a processor for computing. Portable devices
include, but are not limited to, handheld devices, mobile
devices, smart phones, laptops, tablets and e-readers. In
some embodiments, a “portable device” could refer to a
remote device that includes a processor for computing
and/or a communication interface for receiving and trans-
mitting data remotely.

A “vehicle”, as used herein, refers to any moving vehicle
that 1s capable of carrying one or more human occupants and
1s powered by any form of energy. The term “vehicle”
includes, but 1s not limited to: cars, trucks, vans, minivans,
SUVs, motorcycles, scooters, boats, go-karts, amusement
ride cars, rail transport, personal watercrait, and aircrait. In
some cases, a motor vehicle includes one or more engines.
Further, the term ‘““vehicle” can refer to an electric vehicle
(EV) that 1s capable of carrying one or more human occu-
pants and 1s powered entirely or partially by one or more
clectric motors powered by an electric battery. The EV can
include battery electric vehicles (BEV) and plug-in hybnd
clectric vehicles (PHEV). The term “vehicle” can also refer
to an autonomous vehicle and/or self-driving vehicle pow-
ered by any form of energy. The autonomous vehicle may or
may not carry one or more human occupants. Further, the
term ““vehicle” can include vehicles that are automated or
non-automated with pre-determined paths or free-moving
vehicles.

A “value” and “level”, as used herein can include, but 1s
not limited to, a numerical or other kind of value or level
such as a percentage, a non-numerical value, a discrete state,
a discrete value, a continuous value, among others. The term
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“value of X” or “level of X” as used throughout this detailed
description and 1n the claims refers to any numerical or other
kind of value for distinguishing between two or more states
of X. For example, 1n some cases, the value or level of X
may be given as a percentage between 0% and 100%. In
other cases, the value or level of X could be a value 1n the
range between 1 and 10. In still other cases, the value or
level of X may not be a numerical value, but could be
associated with a given discrete state, such as “not X,

“slightly x, “x”, “very x”” and “extremely x”.

I. System Overview

Referring now to the drawings, wherein the showings are
for purposes of 1llustrating one or more exemplary embodi-
ments and not for purposes of limiting the same, FIG. 1 1s
a schematic view of an operating environment 100 for
implementing systems and methods for providing a count-
down notification within a vehicle 102 relating to a movable
barrier (barrier) 104 according to an exemplary embodi-
ment. The components of the environment 100, as well as
the components of other systems, hardware architectures,
and software architectures discussed herein, can be com-
bined, omitted, or organized into different architectures for
various embodiments.

Generally, the environment includes a barrier movement
time of completion countdown application (barrier TOC
application) 106 that 1s utilized to measure a duration of a
movement of the movable barrier 104 as it 1s traversed from
a closed state to an opened state (e.g., fully open state) and
from the opened state to the closed state (e.g., fully closed
state). Additionally, the barrier TOC application 106 may
determine that the vehicle 102 1s being driven within one or
more geo-fence zones that are within a predetermined vicin-
ity of the barrier 104 and may send one or more signals to
open or close the barrier 104 based on a current state (e.g.,
opened or the closed state) of the barrier 104.

As discussed in more detail below, the barrier TOC
application 106 may present a countdown notification user
interface (countdown interface) (not shown) that may
include a countdown notification that presents the measured
duration of the movement of the barrier 104 when the barrier
104 1s traversed from the closed state to the opened state,
heremnafter referred to as the opening time of completion
(opening TOC). Additionally, the countdown interface may
include the countdown notification (not shown) that presents
the measured duration of the movement of the barrier 104
when the barrier 104 1s traversed from the opened state to the
closed state, hereinafter referred to as the closing time of
completion (closing TOC). The countdown notification may
be used to notily a driver (not shown) of the vehicle 102 of
the expected time of completion for the barrier 104 to
traverse from the closed state to the opened state or from the
opened state to the closed state based on the current opened
or closed state of the barrier 104.

In the 1llustrated embodiment of FIG. 1, the vehicle 102
may include a plurality of components that may be operably
connected for computing communication via a bus (not
shown) (e.g., a Controller Area Network (CAN) or a Local
Interconnect Network (LIN) protocol bus), an input/output
interface (I/O interface) and/or other wired and wireless
technologies. The plurality of components of the vehicle 102
may generally include an electronic control unit (ECU) 110,
a head unit 112, a display unmit 114, a storage unit 116, and
an autonomous controller 108. Additionally, the plurality of
components of the vehicle 102 may also include a plurality
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of vehicle systems 118 and a plurality of vehicle sensors 120
that will be discussed 1n more detail below.

In an exemplary embodiment, the ECU 110 of the vehicle
102 may include a processor (not shown), a memory (not
shown), a disk (not shown), and an nput/output (1/O)
interface (not shown), which are each operably connected
for computer communication via a bus (not shown). The I/O
interface provides soltware and hardware to facilitate data
input and output between the components of the ECU 110
and other components, networks, and data sources, of the
environment 100. In one embodiment, the ECU 110 may
include a system clock (not shown) that may be utilized to
measure a duration of one or more activities being executed
by the plurality of components of the vehicle 102 and/or
external components that communicate with the vehicle 102.
As discussed below, the barrier TOC application 106 may
utilize the system clock to measure the duration of the
movement of the barrier 104 based on the plurality of barrier
movement response signals that are evaluated by the appli-
cation 106.

In some embodiments, the ECU 110 may be operably
connected for computer communication to the autonomous
controller 108. The autonomous controller 108 may be
utilized to provide a partially autonomous vehicle operation
or a fully autonomous vehicle operation. The autonomous
controller 108 may be operably connected to an engine
control unit (not shown), an accelerator (not shown), a
steering control unit (not shown), a brake control unit (not
shown), a transmission control unit (not shown), and the
like. In one embodiment, the autonomous controller 108
may receive the opening TOC from the barrier TOC appli-
cation 106 and may utilize the opening TOC to autono-
mously operate the vehicle 102 during an approach of the
vehicle 102 towards the barrier 104. More specifically, the
autonomous controller 108 may control the acceleration,
braking, steering and/or other operations of the vehicle 102
to time the arrival of the vehicle 102 towards the barrier 104
to coincide with the barrier 104 being fully opened.

The ECU 110 may also be operably connected for com-
puter communication to the head unit 112. The head unit 112
may include internal processing memory, an interface cir-
cuit, and bus lines (components of the head unit not shown)
for transierring data, sending commands, and communicat-
ing with the components of the vehicle 102. In one embodi-
ment, the ECU 110 and/or the head unit 112 may execute one
or more operating systems, applications, and/or interfaces
that are associated to the vehicle 102 and/or the plurality of
vehicle systems 118. In particular, the head unit 112 may
execute the barrier TOC application 106.

In one embodiment, the head unit 112 may be connected
to the display unit 114 that may be disposed within a center
stack area of the vehicle 102. The display unit 114 may
display one or more vehicle human machine interfaces
(vehicle HMI) to provide the driver of the vehicle 102 with
various types of imnformation and/or to receive one or more
inputs from the driver of the vehicle 102. More specifically,
the vehicle HMI may pertain to one or more operating
systems, vehicle system interfaces, and application inter-
faces, including interfaces pertaining to the barner TOC
application 106. For example, the vehicle HMI may present
one or more user interfaces of the barrier TOC application
106 including a barrier configuration user interface (not
shown) and the countdown 1nterface that includes the count-
down notification.

In one or more embodiments, the head umit 112 may
communicate with one or more additional display units (not
shown) within the vehicle 102 that may include, but may not
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be limited to, a meter display and a head up display that may
additionally or alternatively present the vehicle HMI. The
head unit 112 may additionally be operably connected to one
or more notification devices (not shown) within the vehicle
102. More particularly, the head umt 112 may communicate
with one or more haptic devices (not shown) (e.g., haptic
steering wheel, haptic seats, haptic gear shifter) audio
devices (not shown) (e.g., audio system, speakers), etc. that
may also be used to provide the countdown notification to
the driver of the vehicle 102 1n addition to or 1 lieu of the
countdown 1nterface.

In an exemplary embodiment, the vehicle 102 may addi-
tionally include a storage unit 116. The storage unit 116 may
store one or more operating systems, applications, associ-
ated operating system data, application data, vehicle system
and subsystem user interface data, and the like that are
executed by the ECU 110 and/or the head unit 112. The
storage unit 116 may include one or more barrier profiles
that are respectively associated to one or more barriers based
on user mputs. As discussed 1n more detail below, the barrier
profile(s) may be created, populated and/or updated by the
barrier TOC application 106.

The barrier profile may include details that are associated
with the barrier 104 as identified by a user (e.g., the driver
of the vehicle 102). The details may include a name assigned
to the barrier 104 by the user (e.g., primary garage door), a
geo-location associated with the barrier 104 (e.g., GPS,
DGPS coordinates of the location of the barrier 104), a
plurality of global positioning coordinates associated with
boundaries of at least one geo-fence zone that i1s located
within a predetermined vicinity of the barrier 104. The
details may additionally include the opening TOC and the
closing TOC that may be stored as respective time based
values (e.g., 19.32 seconds). As discussed in more detail
below, the barrier profile(s) may be created, populated,
updated, and/or evaluated to retrieve data based on the
execution of a learming mode and an execution mode of the
barrier TOC application 106.

In an exemplary embodiment, the plurality of vehicle
systems 118 may include, but may not be limited to, a
vehicle communication system 122, a barrier control system
126, and a navigation system 130. In one embodiment, the
vehicle communication system 122 may include one or more
transceivers that are capable of providing wireless computer
communications utilizing various protocols to be utilized to
send/receive electronic signals internally to components and
systems within the vehicle 102 and to external devices
including a transceiver 128 operably connected to a barrier
controller 124 associated with the barrnier 104.

The vehicle communication system 122 may be capable
of providing wired or wireless computer communications
utilizing various protocols to send/receive non-transitory
signals internally to the plurality of components of the
vehicle 102 and/or externally to external devices. Generally,
these protocols include a wireless system (e.g., IEEE 802.11,
IEEE 802.13.1 (Bluetooth)), a near field communication
system (NFC) (e.g., ISO 13157), a local area network
(LAN), and/or a point-to-point system. The vehicle com-
munication system 122 may be utilized by the barrier TOC
application 106 to send and receive one or more radio
frequency (RF) signals 1in one or more frequencies and/or
radio bands to communicate and receive data to/from the
barrier controller 124 through the transceiver 128. More
particularly, the vehicle communication system 122 may
communicate one or more data signals that include at least
one barrier control signal to the barrier controller 124 to
remotely control movement of the barrier 104. Additionally,
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the vehicle communication system 122 may receive one or
more data signals that are sent from the barrier controller
124 to be interpreted by the barrier TOC application 106
and/or the barrier control system 126.

As discussed 1n more detail below, within the learning
mode, the barrier TOC application 106 may utilize the
vehicle communication system 122 to send one or more
barrier learning data signals to the barrier controller 124.
The barrier controller 124 may responsively actuate move-
ment of the barrier 104 and may send a plurality of barrier
movement response signals that indicate the (real-time)
movement of the barrier 104. The application 106 may
cvaluate the plurality of movement response signals
received from the barrier controller 124 by the vehicle
communication system 122 to determine the movement of
the barrier 104. In one embodiment, the one or more data
signals recerved from the barrier controller 124 may be
indicative of the opening of the barrier 104 and the closing
of the barrier 104 that 1s timed based on the system clock of
the ECU 110 to ultimately determine the opening TOC and
the closing TOC.

The barrier TOC application 106 may additionally utilize
the vehicle communication system 122 to send one or more
status request data signals to be evaluated by the barrier
controller 124. Upon evaluating the status request data
signal(s), the barrier controller 124 may determine the
current state of the barrier 104 as the opened state, a partially
opened state, or the closed state. The barnier TOC applica-
tion 106 may further utilize the vehicle commumnication
system 122 to send the one or more barrier control signals
to remotely control movement of the barrier 104 (e.g.,
actuate movement of the barrier 104 to open or close) based
on the determination of the current state of the barrier 104
as determined and provided by the barrier controller 124.

In an exemplary embodiment, the barrier control system
126 of the vehicle 102 may be utilized to provide manual or
automatic commands to the barrier controller 124 through
the vehicle communication system 122. In particular, the
barrier control system 126 may utilize the vehicle commu-
nication system 122 to send the one or more barrier control
signals to actuate movement of the barrier 104 to open or
close the barrier 104 based on one or more user inputs and/or
one or more automated processes. In one configuration, the
barrier control system 126 may be included as part of a
HOMELINK® ftrainable garage door opening device (or
other embedded, integrated accessory of the vehicle 102)
that 1s integrated within a ceiling panel (not shown) or
rearview mirror (not shown) of the vehicle 102. In some
configurations, the barrier control system 126 may include
one or more input buttons (not shown) that may be inputted
by the user to actuate movement of the barrier 104. In some
additional configurations, the barrier TOC application 106
may communicate with the barrier control system 126 to
utilize the vehicle communication system 122 to send the
one or more barrier control signals to traverse the barrier
104.

In an exemplary embodiment, the navigation system 130
may be connected to the head unit 112 and the display umit
114 to provide a map user interface (not shown) to the driver
of the vehicle 102. The navigation system 130 may include

a global position system 1305 (GPS) that may also be used
to localize (i.e., determine the GPS or DGPS coordinates)
the vehicle 102. The navigation system 130 may include its
own processor and memory that communicate with the GPS
1305 to determine and provide route guidance to the driver

of the vehicle 102.
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In one or more embodiments, the navigation system 130
may include and/or connect to and access a map database
130a to present one or more details and graphics on the map
user interface through the display unit 114. The map data-
base 130a may include geographical maps of one or more
locations (e.g., countries, regions, cities) in which the
vehicle 102 may be driven. The map database 1304 may also
include locational data that pertains to the barrier 104. In one
embodiment, the barrier TOC application 106 may utilize
the navigation system 130 to localize the barrier 104 and to
determine a plurality of global positioning coordinates asso-
ciated with the area that 1s located within the surrounding
area of the barrier 104. As discussed below, the plurality of
global positioning coordinates associated with the areas may
constitute as boundaries of one or more geo-fence zones that
are determined to be within the predetermined vicinity of the
barrier 104.

Referring now 1n more detail to the plurality of vehicle
sensors 120, the plurality of vehicle sensors 120 may include
the 1mage sensors 132, RADAR/LADAR sensors 134, and
vehicle dynamics sensors 136. In one embodiment, the
image sensors 132 may include one or more external or
internal cameras that may include, but may not be limaited to,
an infrared camera, a digital camera, a video camera (camera
types not individually shown), and the like that may be
mounted at one or more areas outside of and/or 1side of the
vehicle 102. For example, the image sensors 132 may
include one or more infrared cameras (not shown) that may
be mounted on a bumper (not shown), a dashboard (not
shown) and/or the ceiling panel of the vehicle 102. In one or
more embodiments, the image sensors 132 may provide a
sequence of 1mages/video that may pertain to an exterior
environment of the vehicle 102. As discussed 1n more detail
below, 1n one embodiment, the barrier TOC application 106
may communicate with the image sensors 132 to measure
the duration of the movement of the barrier 104 to populate
or update the opening TOC and/or the closing TOC within
the barrier profile stored on the storage unit 116.

The RADAR/LADAR sensors 134 of the plurality of
vehicle sensors 120 may include, but may not be limited to,
a millimeter wave radar, a laser detection and range sensor,
an infrared sensor, a thermal sensor, and the like. Various
alternate or additional hardware devices will be apparent for
inclusion as the RADAR/LADAR sensors 134. The
RADAR/LADAR sensors 134 may be disposed at one or
more areas of the vehicle 102 that may include a front
bumper, door panels, vehicle mirrors, a rear bumper, a roof,
a floorboard, (areas of the vehicle 102 not individually
shown) and the like. In one embodiment, the RADAR/
LADAR sensors 134 may provide the barrier TOC applica-
tion 106 with data that pertains to the movement of the
barrier 104 when the vehicle 102 1s located within a sensing,
distance of the barrier 104. In particular, the barrier TOC
application 106 may evaluate data provided by the RADAR/
LADAR sensors 134 to measure the duration of the move-
ment of the barrier 104 to populate or update the opening
TOC and/or the closing TOC within the barrier profile stored
on the storage unit 116.

In one or more embodiments, the vehicle dynamics sen-
sors 136 may communicate with one or more components of
the vehicle 102 that may include the ECU 110, an engine
(not shown), a transmission (not shown), brakes (not
shown), the plurality of vehicle systems 118, and the like to
determine vehicle dynamics information. The vehicle
dynamics information may be evaluated by the barrier TOC
application 106 during the execution mode of the application
106 to evaluate vehicle speed, vehicle braking, vehicle
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steering, engine RPM, etc. In particular, such information
may be evaluated to determine a point 1n time in which the
barrier TOC application 106 1s to present the countdown
interface that includes a countdown notification once the
vehicle 102 enters an inner geo-fence zone.

With particular reference to the barrier 104, 1n one or
more embodiments, the barrier 104 may include a garage
door, a gate (e.g., one or more gate doorways), a door (e.g.,
a residential door), etc. The barrier 104 may be connected to
and controlled by the associated barrier controller 124. The
barrier controller 124 may include internal processing
memory, an intertace circuit, and bus lines for transferring
data, sending commands, and communicating with the com-
ponents associated with and/or connected to the barrier 104.
In one embodiment, the barrier controller 124 may be
connected to a remote control (e.g., garage door remote) (not
shown) and an interface device (e.g., wall inputs, numeric
key pad) (not shown) that may be used by the user to provide
one or more puts to control movement of the barrier 104.

As discussed above, the barrier controller 124 may be
operably connected to the transceiver 128. The barrier
controller 124 may be configured to control operation of the
transceiver 128 to receive one or more data or control signals
from the vehicle communication system 122. Additionally,
the barrier controller 124 may be configured to control
operation of the transceiver 128 to send (e.g., transmit) one
or more response signals to the vehicle communication
system 122. In particular, the barrier controller 124 may
cvaluate the one or more data signals received by the
transceiver 128 and may instruct the transceiver 128 to send
the one or more response data signals. As discussed below,
the one or more data signals sent by the vehicle communi-
cation system 122 may include the barner learming data
signal(s), status request data signal(s), and barrier control
signal(s) that are sent based on the execution of the barrier
TOC application 106. Additionally, the one or more
response signals sent by the transceiver 128 may include the
barrier movement response signal(s) and the current state
data signal(s) based on the operation of the barrier controller
124.

The Barrier Toc Application and Related Methods

The components of the barrier TOC application 106 will
now be described according to an exemplary embodiment
and with reference to FIG. 1. In an exemplary embodiment,
the barrier TOC application 106 may be stored on the
storage unit 116 of the vehicle 102. In alternate embodi-
ments, the barrier TOC application 106 may be stored on an

externally hosted computing infrastructure (not shown) and

may be accessed by the vehicle communication system 122
to be executed by the ECU 110 and/or the head unit 112 of

the vehicle 102.

As discussed, the barrier TOC application 106 may be
executed within at least two modes that may include, but are
not limited to, the learning mode and the execution mode. In
one embodiment, the barrier TOC application 106 may
present the barrier configuration user interface that 1s pre-
sented to the user on the display unit 114. The barrier
configuration user interface may allow the user to initiate the
learning mode of the barrier TOC application 106. Once the
learning mode of the application 106 1s initiated, the user
may select one or more respective user interface 1cons that
execute the creation of a new barrier profile or the update of
an existing barrier profile. The barrier configuration user
interface may additionally allow the user to input the name
assigned to the barrier 104, determine a geo-location of the
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barrier 104, and to measure the duration of the movement of
the barrier 104 to determine the opening TOC and the
closing TOC.

In an exemplary embodiment, the barrier TOC application
106 may include a zone determinant module 138, a barrier
learning module 140, a barrier control module 142, and a
barrier TOC module 144. It 1s to be appreciated that the
barrier TOC application 106 may include additional mod-
ules and/or sub-modules that are configured to execute one
or more Tunctions of the application 106. Within the learning
mode of the application 106, the barrier TOC application
106 may populate the barrier profile stored on the storage
unit 116 and associated with the barrier 104.

In one embodiment, upon creation of the barrier profile,
the zone determinant module 138 may communicate with
the navigation system 130 of the vehicle 102 to determine
the geo-location associated with the barrnier 104. Upon
C
t.

etermining the geo-location associated with the barrier 104,
ne zone determinant module 138 may additionally commu-
nicate with the navigation system 130 to determine the inner
geo-fence zone that may be 1dentified by a plurality of global
positioning coordinates associated with the boundary of the
inner geo-fence zone. Additionally, the zone determinant
module 138 may communicate with the navigation system
130 to determine at least one outer geo-fence zone that 1s
located within a predetermined vicinity of the barrier 104
and/or the mner geo-fence zone. The at least one outer
geo-fence zone may be identified by a plurality of global
positioning coordinates associated with the boundary of the
at least one outer geo-fence zone.

In one embodiment, as the learming mode 1s enabled, the
barrier learning module 140 may be utilized to measure the
duration of the movement of the barrier 104 with respect to
the barrier 104 traversing from the closed state to the opened
state and/or the opened state to the closed state. As discussed
below, upon measuring the duration of the movement of the
barrier 104, the barrier learning module 140 may populate
the barrier profile with the opening TOC and/or the closing,
TOC.

In an exemplary embodiment, upon creation of the barrier
profile, the barrier TOC application 106 may be executed in
the execution mode based on the enablement of the vehicle
102 (e.g., enabling of an 1gnition of the vehicle 102 1n an
ACC or engine ON mode). As discussed 1n more detail
below, during the execution mode, the barrier control mod-
ule 142 may determine the current state (e.g., opened state,
partially opened state, closed state) of the barrier 104. Upon
determining the current state of the barrnier 104, the barrier
control module 142 may utilize the vehicle communication
system 122 to send the barrier control signal(s) in order for
the barrier controller 124 to traverse the barrier 104 to be
opened or closed based on the current state of the barrier
104.

As explained below, the barrier TOC module 144 may
present the countdown interface that includes the countdown
notification. The countdown notification may present the
measured duration of the movement of the barrier 104 1n a
countdown format. Methods related to one or more pro-
cesses that are executed by the modules 130-134 of the
barrier TOC application 106 will now be described in more
detail below.

FIG. 2 1s a process tlow diagram of a method 200 for
providing a countdown notification relating to a movement
f a barrier 104 according to an exemplary embodiment.
IG. 2 will be described with reference to the components
f FIG. 1, though 1t 1s to be appreciated that the method of
IG. 2 may be used with other systems/components. The
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method 200 may begin at block 202, wherein the method
200 may 1include determining geo-ifence zones associated
with a barrier 104.

Block 202 will be discussed 1n more detail with respect to
FIG. 3A, a process flow diagram of a method 300 for
determining geo-fence zones associated with the barrier 104
within the learning mode of the barrier TOC application 106
according to an exemplary embodiment. FIG. 3A will be
described with reference to the components of FIG. 1 though
it 15 to be appreciated that the method of FIG. 3A may be
used with other systems and/or components. The method
300 may begin at block 302, wherein the method 300 may
include determining 1f the user has setup a barrier profile
assoclated with the barrier 104. As discussed above, the
barrier configuration user interface may allow the user to
initiate the learning mode of the barrier TOC application
106.

Once the learning mode 1s 1mtiated, the user may select a
respective user interface icon that executes the creation of
the barnier profile associated with the barrier 104. For
example, the driver of the vehicle 102 may wish to create the
barrier profile that 1s associated to the barrner 104 (e.g.,
garage door) located at the driver’s home to enable the
application 106 to communicate with the barrier controller
124 (e.g., garage door opener) associated with the barrier
104 and provide the countdown notification accordingly.
Once the user selects the respective user interface 1con and
inputs the name assigned to the barrier 104 per the user’s
choosing, the barrier TOC application 106 may store the
barrier profile on the storage umt 116 of the vehicle 102.
Upon storing the barrier profile on the storage unit 116, a
respective indication may be communicated to the zone
determinant module 138 indicating that the user has setup
the barrier profile associated with the barrier 104.

I1 1t 1s determined that the user has setup the barrier profile
associated with the barrier 104 (at block 302), the method
300 may proceed to block 304, wherein the method 300 may
include determining the geo-location of the barrier 104 and
storing the geo-location. In an exemplary embodiment, upon
receiving the indication that the user has setup the barrier
profile associated with the barrier 104, the zone determinant
module 138 may present a barrier location determination
user interface (not shown) to the user. The barrier location
determination user interface may be utilized by the user to
actuate the determination of the geo-location of the barrier
104 when the vehicle 102 is located within a predetermined
distance of the barrier 104 (e.g. 10 yards). More specifically,
the barrier location determination user interface may include
a user 1nterface object(s) that may be inputted by the user to
indicate that the vehicle 102 1s within the predetermined
distance of the barrier 104 to enable the zone determinant
module 138 to determine the geo-location of the barrier 104.
As discussed below, the stored geo-location may be used by
the application 106 to determine one or more geo-fence
zones and/or areas surrounding the barrier 104.

In one embodiment, the zone determinant module 138
may communicate with the navigation system 130 of the
vehicle 102 to determine the geo-location of the barrier 104.
The navigation system 130 may access the GPS 1305 to
determine locational coordinates associated with the loca-
tion of the vehicle 102. In one embodiment, the navigation
system 130 may further access the map database 130a to
determine if a highlighted location that may include a
dwelling/building that includes the barrier 104 1s located
within a predetermined proximity of the vehicle 102 (i.e., of
the locational coordinates associated with the location of the

vehicle 102 as determined by the GPS 1306). The high-
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lighted location may be indicative of a home location saved
by the user via the map user interface, a point of interest
presented on the map interface, and/or a physical address
that 1s included within the map database 130a.

In one embodiment, when the map database 130a com-
municates that the highlighted location 1s located within the
predetermined proximity of the vehicle 102, the zone deter-
minant module 138 may ask the user (via the barrier location
determination user interface) if the user wishes to interpret
the highlighted location as the geo-location associated with
the barrier 104. If the user does wish to interpret the
highlighted location as the geo-location associated with the
barrier 104, the zone determinant module 138 may access
the barrier proﬁle and populate the locational coordinates
associated with the highlighted location as the geo-location
associated with the barrier 104.

In an alternate embodiment, upon determining locational
coordinates associated with the location of the vehicle 102,
the navigation system 130 may communicate with the image
sensors 132 and/or the RADAR/LADAR sensors 134 to
determine the specific location of the barrier 104 sensed by
the sensors 132, 134. Upon determining the specific location
of the barrier 104, the zone determinant module 138 may
communicate with the navigation system 130 to determine
the locational coordinates associated with the barrier 104.
The zone determinant module 138 may access the barrier
profile stored on the storage unit 116 and may populate the
locational coordinates as the geo-location associated with
the barrier 104.

In an additional embodiment, the user may utilize the map
user 1nterface of the navigation system 130 to input a saved
location that may be utilized by the application 106 as the
location of the barrier 104. For example, the user may 1nput
a home location as a saved location on the map user
interface. The user may additionally utilize the barrier
configuration user interface to mput the saved location as the
location of the barrier 104. The zone determinant module
138 may communicate with the navigation system 130 to
determine the geo-location of the barrier 104 based on the
saved location. The zone determinant module 138 may
turther access the barrier profile stored on the storage unit
116 and may populate the locational coordinates associated
with the saved location as the geo-location associated with
the barrier 104.

With continued reference to the method 300 of FIG. 3, the
method 300 may proceed to block 306, wherein the method
300 may include determiming the mnner geo-fence zone and
storing a plurality of GPS coordinates associated with the
boundary of the inner geo-fence zone. In an exemplary
embodiment, upon determining the geo-location associated
with the barrier 104 (as discussed with respect to block 304),
the zone determinant module 138 may determine the inner
geo-fence by communicating with the navigation system
130 to determine an area that 1s located 1n a first proximity
of the barrier 104 to indicate a boundary of the inner
geo-fence zone.

As shown 1n the illustrative example of FIG. 3B, the inner
geo-fence zone 310 may include the area that 1s located 1n
the first proximity of the barrier 104. In other words, the
inner geo-fence zone 310 may include a first area that 1s
surrounding the geo-location of the barrier 104. In one
embodiment, the size (e.g., dimensions) of the mmner geo-
tence zone 310 may be based on the surrounding environ-
ment the barrier 104 as determined based on data pertaining,
to one or more streets, driveways, and surrounding struc-
tures/objects provided by the map database 130a. In par-
ticular, data pertaining to the surrounding environment of
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the barrier 104 as provided from the map database 130a may
be communicated by the navigation system 130 to the zone
determinant module 138 based on the geo-location of the
barrier 104.

The zone determinant module 138 may analyze the data
pertaining to the surrounding environment of the vehicle 102
and may determine the size of the inner geo-fence zone 310
according to one or more environmental variables. The one
or more environmental variables may include, but are not
limited to, the length of the street(s) 324 within a vicinity of
the barrier 104, the length of the dnveway(s) 326 leading up
to the barrier 104, the location of the surrounding structures/
object(s) within the vicinmity of the barrier 104, and the like.
In particular, the zone determinant module 138 may deter-
mine the size of the mner geo-fence zone to ensure that one
or more command data signals may be transmitted to the
transceiver 128 at a time that the vehicle 102 1s at a requisite
distance from the barrier 104. This functionality may ensure
that the barrier control signal(s) are sent at an approprate
time to fully open the barrier 104 upon the arrival of the
vehicle 102 towards the barrier 104 or to fully close the
barrier 104 upon the departure of the vehicle 102 away from
the barrier 104 without compromising the security of con-
tents located behind the barrier 104. For example, in a
scenar1o where the barrier 104 1s located at an end of a short
driveway 326, the inner geo-fence zone 310 may include a
smaller area surrounding the barrier 104 than in a scenario
where the barrier 104 1s located at an end of a long driveway
326.

In an exemplary embodiment, upon determiming the size
of the inner geo-fence zone 310, the zone determinant
module 138 may communicate with the navigation system
130 to determine the plurality of GPS coordinates (e.g.,
latitude x, longitude v) of the areas that include the boundary
312 of the mnner geo-fence zone 310. The navigation system
130 may utilize the GPS 13056 to determine the plurality of
GPS coordinates associated with portions of the boundary
312 of the nner geo-fence zone 310. Upon determining the
plurality of GPS coordinates associated with the portions of
the boundary 312, the navigation system 130 may commu-
nicate the plurality of GPS coordinates to the zone deter-
minant module 138. The zone determinant module 138 may
access the barrier profile associated with the barrier 104
stored on the storage unit 116 and may populate the plurality
of GPS coordinates associated with portions of the boundary
312 of the mner geo-fence zone 310. As discussed below,
during the execution mode of the barrier TOC application
106, the plurality of GPS coordinates populated within the
barrier profile may be evaluated in order to send the barrier
control signal(s) to the barrier controller 124 to traverse the
barrier 104.

Referring again to FIG. 3A, the method 300 may proceed
to block 308, wherein the method 300 may include deter-
mining at least one outer geo-fence zone and storing a
plurality of GPS coordinates associated with the boundary of
the at least one outer geo-fence zone. In an exemplary
embodiment, upon determining the inner geo-fence zone
310 and storing the plurality of GPS coordinates associated
with the boundary 312 (as discussed with respect to block
306), the zone determinant module 138 may determine the
at least one outer geo-fence zone by communicating sig-
nal(s) to the navigation system 130 to determine at least one
area that 1s located within at least a second surrounding area
of the barrier 104 to indicate a boundary of the at least one
outer geo-fence zone.

In one embodiment, the navigation system 130 may
communicate map data determined from the map database
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130a that pertains to the surrounding environment of the
barrier 104 to the zone determinant module 138. The zone
determinant module 138 may evaluate the map data to
determine the street(s) 324 or portions of the street(s) 324
that may be located at one or more predetermined distances
outside of the mnner geo-fence zone 310. The zone determi-
nant module 138 may determine the street(s) 324 that the
vehicle 102 may be driven on to arrive or depart from the
barrier 104 and may determine a number of outer geo-fence
zones based on the map data pertaining to the one or more
environmental variables discussed above.

With reference again to the illustrative example of FIG.
3B, the zone determinant module 138 may determine two
outer geo-fence zones 314, 316 that are located a predeter-
mined distance(s) outside of the inner geo-fence zone 310.
More specifically, the outer geo-fence zones 314, 316 may
include a second and third area located outside of the inner
geo-fence zone 310. In one embodiment, the size (e.g.,
dimensions) of the outer geo-fence zones 314, 316 may be
based on the surrounding environment the barrier 104 as
determined based on data provided by the map database
130a and/or the size of the mnner geo-fence zone 310.

In one embodiment, the zone determinant module 138
may analyze the data pertaining to the surrounding environ-
ment of the vehicle 102 and may also determine the size of
the outer geo-fence zones 314, 316 according to the one or
more environmental variables discussed above. In particular,
the zone determinant module 138 may determine the size of
the outer geo-fence zones 314, 316 to ensure that one or
more status request data signals may be transmitted to the
transcerver 128 at a time that the vehicle 102 1s outside of the
iner geo-fence zone 310 as the vehicle 102 1s arrnving
toward the barrier 104. This functionality may ensure that
the application 106 1s aware of the current state of the barrier
104 to send the appropriate barrier control signal(s) to fully
open the barrier 104 upon the arrival of the vehicle 102
towards the barrier 104.

In an exemplary embodiment, upon determining the sizes
of the outer geo-fence zones 314, 316, the zone determinant
module 138 may communicate with the navigation system
130 to determine the plurality of GPS coordinates of the
areas that include the respective boundaries 318, 320 of the
outer geo-fence zones 314, 316. The navigation system 130
may utilize the GPS 13054 to determine the plurality of GPS
coordinates (e.g., latitude x, longitude y) associated with
portions ol the boundaries 318, 320 of the outer geo-fence
zones 314, 316. Upon determining the plurality of GPS
coordinates associated with the one or more of the portions
of the boundaries 318, 320, the navigation system 130 may
communicate the plurality of GPS coordinates to the zone
determinant module 138.

Upon recerving the plurality of GPS coordinates, the zone
determinant module 138 may access the barrier profile
associated with the barrier 104 stored on the storage unit 116
and may populate the plurality of GPS coordinates associ-
ated with portions of the boundaries 318, 320 of the outer
geo-fence zones 314, 316. As discussed below, during the
execution mode of the barrier TOC application 106, the
plurality of GPS coordinates populated within the barrier
profile associated with the outer geo-fence zones 314, 316
may be evaluated 1n order to send the status request data
signals to the barrier controller 124 to determine the current
state (e.g., opened state, closed state) of the barrier 104 when
the vehicle 102 1s arriving towards the barrier 104.

With reference again to the method 200 of FIG. 2, upon
determining geo-fence zones associated with the barrier 104
(at block 202), the method 200 may proceed to block 204,
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wherein the method 200 may include measuring a duration
of a movement of the barrnier 104. Block 204 will be
discussed 1n more detail with respect to FIG. 4A, a process
flow diagram of a method 400 for measuring the duration of
a movement of the barrier 104 within the learming mode of
the barrier TOC application 106 according to an exemplary
embodiment. FIG. 4A will be described with reference to the
components of FIG. 1 and FIG. 4B though it 1s to be
appreciated that the method of FIG. 4A may be used with
other systems and/or components.

The method 400 may begin at block 402, wherein the
method 400 may 1include determining 11 the user has initiated
a barrier movement measurement sequence. In one embodi-
ment, the barrier configuration user interface presented via
the display unit 114 may permit the user to input a barrier
measurement user mput object associated to the barrier 104
(e.g., by the name assigned to the barrier 104) to start the
barrier movement measurement sequence within the learn-
ing mode of the application 106. The barrier movement
measurement sequence may be initiated to measure and
store the opening TOC and the closing TOC (1.e., the time of
completion to traverse the barrier 104 from the closed state
to the opened state and the time of completion to traverse the
barrier 104 from the opened state to the closed state). Upon
the user mputting the barrier measurement user mput object,
the barrier learning module 140 may initiate the barrier
movement measurement sequence within the learning mode
of the barrier TOC application 106.

If 1t 1s determined that the user has 1nitiated the barrier
movement measurement sequence (at block 402), the
method 400 may proceed to block 404, wherein the method
400 may include determining i the vehicle 102 1s located
within a predetermined measuring distance of the barrier
104. In an exemplary embodiment, the barrier learning
module 140 may classily the predetermined measuring
distance as a distance required for the transceiver 128 to
receive the barrier learning data signal(s) that are evaluated
by the barrier controller. Additionally, the barrier learming
module 140 may classily the predetermined measuring
distance as a distance required for the vehicle communica-
tion system 122 to receive the plurality of barrier movement
response signals from the transceiver 128 based on the
operation of the barrier controller 124. In an additional
embodiment, the barrier learning module 140 may addition-
ally or alternatively classily the predetermined measuring
distance as the sensing distance required by the image
sensors 132 and/or the RADAR/LADAR sensors 134 to
sense the presence and movement of the barrier 104.

In one embodiment, upon the actuation of the barrier
movement measurement sequence, the barrier learning mod-
ule 140 may communicate with the navigation system 130 to
determine 1f the vehicle 102 1s within the predetermined
measuring distance of the barrier 104. More specifically, the
navigation system 130 may communicate the GPS coordi-
nates of the location of the vehicle 102 to the barrier learning
module 140 as determined by the GPS 13056. Upon receiving
the GPS coordinates of the location of the vehicle 102, the
barrier learning module 140 may access the barrier profile
stored on the storage unit 116 to retrieve the geo-location
associated with the barrier 104. The barrier learning module
140 may further compare the GPS coordinates of the loca-
tion of the vehicle 102 with the geo-location associated with
the barrier 104 to determine 1f the vehicle 102 1s located
within the predetermined measuring distance of the barrier
104.

In another embodiment, the barrier learning module 140
may communicate with the image sensors 132 and/or the
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RADAR/LADAR sensors 134 to determine 1f the vehicle
102 1s within the predetermined measuring distance of the
barrier 104. More specifically, within this embodiment, the
barrier learning module 140 may equate the sensing distance
of the barrier 104 as the predetermined measuring distance.
As such, the barrier learning module 140 may communicate
with the image sensors 132 and/or the RADAR/LADAR
sensors 134 to determine if the presence and/or movement of
the barrier 104 may be sensed based on the current location
of the vehicle 102. If the image sensors 132 and/or the
RADAR/LADAR sensors 134 determine the presence and/
or movement of the barrier 104 may be sensed based on the
current location of the vehicle 102, the sensors 132, 134 may
communicate with the barrier learning module 140 to deter-
mine that the vehicle 102 1s located within the sensing
distance. Consequently, the barrier learning module 140 may
determine that the vehicle 102 1s located within the prede-
termined measuring distance of the barrier 104.

It 1t 1s determined that the vehicle 102 1s located within
the predetermined measuring distance of the barrier 104 (at
block 404), the method 400 may proceed to block 406,
wherein the method 400 may include sending one or more
barrier learning data signals to the barrier controller 124. In
particular, the barrier learning module 140 may utilize the
vehicle communication system 122 to send (e.g., transmit)
the one or more barrier learning data signals to the trans-
ceiver 128 to be interpreted by the barrier controller 124. In
one embodiment, the barrier learning data signal(s) may
indicate that the barrier controller 124 should start a barrier
measurement cycle. Upon interpreting the barrier learning
data signal(s), the barrier controller 124 may start the barrier
measurement cycle and may actuate movement of the barrier
104. For instance, 1f the barrier 104 is in the closed state, the
barrier controller 124 may actuate movement of the barrier
104 to traverse the barrier 104 from the closed state to the
opened state. The barrier controller 124 may additionally
actuate movement of the barrier 104 to traverse from the
opened state back to the closed state. Similarly, 11 the barrier
104 1s 1n the opened state, the barrier controller 124 may
actuate movement of the barrier 104 to traverse the barrier
104 from the opened state to the closed state. The barrier
controller 124 may additionally actuate movement of the
barrier 104 to traverse from the closed state back to the
opened state. In other words, the barrier controller 124
actuates movement of the barrier 104 such that the barrier
104 traverses 1n both opening and closing directions 1n order
to measure the duration of the movement of the barrier 104
in both directions.

With continued reference to FI1G. 4 A, the method 400 may
proceed to block 408, wherein the method 400 may include
receiving a plurality of movement response signals from the
barrier controller 124. Upon actuating movement of the
barrier 104, the barrier controller 124 may utilize the trans-
ceiver 128 to send the plurality of barrier movement
response signals that indicate the (real-time) opening or
closing movement of the barrier 104. Additionally, each of
the plurality of barrer movement response signals may
additionally include a barrier traversing level that indicates
an opening/closing level of the barner 104 as it 1s being
traversed from one state to another.

FIG. 4B 1s an 1illustrative example of the barrier 104 that
1s configured as a garage door and a barrier controller 124
that 1s configured as a garage door opener according to an
exemplary embodiment. The barrier controller 124 may
include a motor 414 that 1s operably connected to a cable
416 that 1s connected to a trolley/pulley 418. As shown, the
trolley/pulley 418 may be connected to the barrier 104 by a
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tension spring 420 that 1s connected to the trolley/pulley 418
by an arm 422. The operation of the motor 414 may move
the cable 416 across a track 424 such that the trolley/pulley
418 may be traversed from a first position, designated as
‘Position A’, wherein the barrier 104 1s in the closed state, to
a second position, designated as ‘Position B’, wherein the
barrier 104 1s in the opened state. In other words, based on
the operation of the motor 414, the barrier 104 may be
traversed from the closed position to the opened position,
wherein the trolley/pulley 418 1s traversed from ‘Position A’
to ‘Position B’. Similarly, based on the operation of the
motor 414, the barrier 104 may be traversed from the opened
position to the closed position, wherein the trolley/pulley
418 1s traversed from ‘Position B’ to ‘Position A’.

In an exemplary embodiment, the barrier controller 124
may utilize the transceiver 128 to send the plurality of
barrier movement response signals as the motor 414 1s
moving the cable 416 to traverse the trolley/pulley 418 from
the first position to the second position and/or from the
second position to the first position. As discussed above, the
plurality of barrier movement response signals may each
include the respective barrier traversing level that indicates
the opening/closing level of the barrier 104. The barrier
traversing level may be representative of the position of the
cable 416 as 1ts being moved by the operation of the motor
414 and/or the position of the trolley/pulley 418 as 1ts being
moved across the track 424 based on the movement of the
cable 416.

In one embodiment, as the motor 414 1s operated to move
the cable 416 to traverse the trolley/pulley 418, the trans-
ceiver 128 may send the plurality of barrier movement
response signals at a predetermined frequency to the vehicle
communication system 122. More specifically, the trans-
ceiver 128 may send the plurality of barrier movement
response signals upon the starting point of the movement of
the cable 416 when the barrier 104 starts traversing across
the track 424 to an ending point of the movement of the
cable 416 when the barrier 104 completes traversing across
the track 424. It 1s to be appreciated that the functionality of
the motor 414 may be applied to alternate configurations of
the barrier 104 other than the garage door. In one exemplary
configuration, the barrier 104 may be configured as a two-
door gate (not shown) that may include latches that are
operably connected to one or more motors (not shown) of
the barrier controller 124. In this exemplary configuration,
the plurality of barrier movement response signals may be
indicative of the movement of the latches by the one or more
motors.

In an exemplary embodiment, upon the vehicle commu-
nication system 122 receiving the plurality of barrier move-
ment response signals from the transceiver 128, the barrier
learning module 140 may evaluate the plurality of move-
ment response signals to determine the real-time movement
of the barrier 104. In one embodiment, the barrier learning
module 140 may evaluate the plurality of barrier movement
response signals to determine 1f the barrier 104 1s being
traversed from the opened state to the closed state or from
the closed state to the opened state. The barrier learming
module 140 may additionally commumicate with the ECU
110 to utilize the system clock to measure the duration of the
movement of the barrier 104 based on a calculation of the
duration of time that the plurality of barrier movement
response signals are recerved by the vehicle communication
system 122. The barrier learning module 140 may store the
measured duration of the movement of the barrier 104 as an
opening measured duration and a closed measured duration
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(based on the determination that the barrier 104 1s being
traversed from the closed state or the opened state).

With reference again to the method 400 of FIG. 4A, the
method 400 may proceed to block 410, wherein the method
400 may include determining 11 a predetermined number of
measurement cycles have been completed to measure the
duration of the movement of the barrier 104. In one embodi-
ment, the barrier learning module 140 may be configured to
require a predetermined number of measurement cycles to
have been completed to accurately measure the duration of
the movement of the barrier 104. If it 1s determined that the
predetermined number of measurement cycles have not been
completed to measure the duration of the movement of the
barrier 104 (at block 410), the method 400 may proceed
back to block 406, wherein the method 400 may again
include sending the one or more barrier learning data signals
to the barrier controller 124.

If 1t 15 determined that the predetermined number of
measurement cycles have been completed to measure the
duration of the movement of the barrier 104 (at block 410),
the method 400 may proceed to block 412, wherein the
method 400 may include determining and storing the open-
ing TOC and the closing TOC. In an exemplary embodi-
ment, upon completing the predetermined number of mea-
surement cycles the barrier learning module 140 may access
the storage unit 116 to acquire one or more previously stored
opening measured durations and one or more previously
stored closing measured durations (based on previous itera-
tions of blocks 406 and 408). Upon acquiring the one or
more previously stored opening measured durations, the
barrier learning module 140 may compare a most recently
determined opening measured duration against one or more
previously determined opening measured durations stored
on the storage unmit 116. The barrier learning module 140
may further evaluate the durations and may determine the
opening TOC based on an aggregation of the opening
measured durations that fall within a predetermined margin
of error.

Additionally, upon acquiring the one or more previously
stored closing measured durations, the barrier learning mod-
ule 140 may compare a most recently determined closing
measured duration against one or more previously deter-
mined closing measured durations stored on the storage unit
116. The barrier learming module 140 may further evaluate
the durations and may determine the closing TOC based on
an aggregation of the closing measured durations that fall
within a predetermined margin of error. Upon determining,
the opening TOC and the closing TOC, the barrier learning,
module 140 may access the barrier profile associated with
the barrier 104 on the storage unit 116 and may populate the
barrier profile with the opening TOC and the closing TOC.
As discussed below, the opening TOC and/or the closing
TOC populated on the barrier profile may be utilized by the
barrier TOC module 144 upon the barrier control module
142 sending the barrier control signal(s) to the barrier
controller 124 to remotely open or close the barner 104.

In an alternate embodiment, the barrier learning module
140 may utilize data provided by the image sensors 132
and/or the RADAR/LADAR sensors 134 to determine the
opening and closing TOC. More specifically, the barrier
learning module 140 may communicate with the image
sensors 132 and/or the RADAR/LADAR sensors 134 to
determine 11 the vehicle 102 1s within the sensing distance of
the barrier 104. Upon determining that the vehicle 102 1s
within the sensing distance of the barrier 104, the barrier
learning module 140 may send the barrier learning data
signal(s) to the barrier controller 124 to initiate the barrier

5

10

15

20

25

30

35

40

45

50

55

60

65

20

measurement cycle(s) i order for the barrier controller 124
to actuate movement of the barrier 104 1n both the opening
and closing directions. The image sensors 132 and/or the
RADAR/LADAR sensors 134 may be configured to sense
the movement and the direction of movement of the barrier
104 and send a plurality of barrier movement sensing signals
that may indicate the movement of the barrier 104 and the
direction of movement of the barrier 104 to the barrier
learning module 140.

In one embodiment, the barrier learning module 140 may
evaluate the plurality of barrier movement sensing signals to
determine 1f the barrier 104 1s being traversed from the
opened state to the closed state or from the closed state to the
opened state. The barrier learming module 140 may addi-
tionally communicate with the ECU 110 to utilize the system
clock to measure the duration of the movement of the barrier
104 based on a calculation of the duration of time that the
plurality of barrier movement sensing signals are receirved
by the vehicle commumication system 122. The barrier
learning module 140 may access the barrier profile associ-
ated with the barrier 104 on the storage unit 116 and may
populate the barrier profile with the opening TOC and the
closing TOC based on the calculated duration of the time
that the plurality of barrier movement sensing signals are
received during the respective opening and closing of the
barrier 104.

In an exemplary embodiment, upon the barrier learning
module 140 populating the barrier profile with the opening
TOC and the closing TOC (as discussed above with respect
to block 412 of the method 400), the barrier learning module
140 may send a respective signal to the barrier control
module 142 to indicate the determination of the opeming
TOC and the closing TOC. The barrier control module 142
may responsively iitiate the execution mode of the barrier
TOC application 106.

With reference again to the method 200 of FIG. 2, upon
measuring the duration of the movement of the barrier 104
(at block 204), the method 200 may proceed to block 206,
wherein the method 200 may include determiming a current
state of the barrier 104. Block 206 will be discussed 1n more
detail with respect to FIG. 5, a process flow diagram of a
method 500 for determining the current state of the barrier
104 within the execution mode of the barrier TOC applica-
tion 106 according to an exemplary embodiment. FIG. 5 will
be described with reference to the components of FIG. 1
though it 1s to be appreciated that the method of FIG. 5 may
be used with other systems and/or components.

The method 500 may begin at block 502, wherein the
method 500 may include determining 1f the vehicle 102 1s
arriving towards the barrier 104 or departing away from the
barrier 104. In one embodiment, as the vehicle 102 1s being
driven the barrier control module 142 may communicate
with the navigation system 130 to continually determine the
locational coordinates associated with the (location of the)
vehicle 102 as provided by the GPS 1306. The barrier
control module 142 may also access the barrier profile stored
on the storage unit 116 to retrieve the geo-location associ-
ated with the barrier 104. Upon retrieving the geo-location
assoclated with the barrier 104, the barrier control module
142 may communicate with the navigation system 130 to
determine 1f the vehicle 102 1s within a predetermined
distance (e.g., within a 1 mile radius) of the geo-location
associated with the barrier 104. If the navigation system 130
determines that the vehicle 102 1s within the predetermined
distance of the geo-location associated with the barrier 104,
the navigation system 130 may further utilize the map
C

atabase 130a and the GPS 1305 to evaluate 1t the vehicle
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102 1s being driven towards the barrier 104 or away from the
barrier 104. The navigation system 130 may communicate
the results of the evaluation to the barrier control module
142 and the module 142 may respectively determine 1f the
vehicle 102 1s arnving towards the barrier 104 or the vehicle
102 1s departing away from the barrier 104.

If 1t 1s determined that the vehicle 102 1s arriving towards
the barrier 104 (at block 502), the method 500 may proceed
to block 504, wherein the method 500 may include deter-
mimng 1 the vehicle 102 enters the at least one outer
geo-fence zone. As discussed above, within the learning
mode, the zone determinant module 138 may populate the
barrier profile associated with the barrier 104 with the
plurality of GPS coordinates associated with portions of the
boundaries 318, 320 of the outer geo-fence zones, as 1llus-
trated 1n FIG. 3B. In one embodiment, as the vehicle 102 1s
being driven, the barrier control module 142 may commu-
nicate with the navigation system 130 to continually deter-
mine the locational coordinates associated with the vehicle
102 as provided by the GPS 1305.

The barrier control module 142 may also access the
barrier profile stored on the storage unit 116 and may
communicate with the navigation system 130 to determine 1f
the vehicle 102 1s entering any of the portions of the
boundaries 318, 320 based on the populated plurality of GPS
coordinates of the portions of the boundaries 318, 320. More
specifically, the barrier control module 142 may continually
compare the locational coordinates of the vehicle 102
against the plurality of GPS coordinates associated with
portions of the boundaries 318, 320 to determine 1 they
overlap with one another. IT it 1s determined that the over-
lapping of the locational coordinates of the vehicle 102
occurs with the plurality of GPS coordinates associated with
portions of the boundarnies 318, 320, the barrier control
module 142 may determine that the vehicle 102 enters at
least one of the outer geo-fence zones 314, 316. For
example, with reference to FIG. 3B, if the vehicle 102 1s
being driven towards a garage 322, the vehicle 102 may
enter one of the outer geo-fence zones 314, 316, as the
vehicle 102 1s dniving down the street 324 towards the
garage 322. In such a scenario, the barrier control module
142 may determine when the vehicle 102 enters the inner
geo-fence zone 310 once the vehicle 102 crosses one of the
portions of the boundaries 318, 320.

If 1t 1s determined that the vehicle 102 1s departing away
from the barrier 104 (at block 502), the method 500 may
proceed to block 506, wherein the method 500 may include
determining 1f the vehicle 102 enters the inner geo-fence
zone. As discussed above, within the learning mode, the
zone determinant module 138 may populate the barrier
profile associated with the barrier 104 with the plurality of
GPS coordinates associated with portions of the boundary
312 of the iner geo-fence zone 310, as illustrated 1 FIG.
3B.

In one embodiment, as the vehicle 102 1s being driven, the
barrier control module 142 may communicate with the
navigation system 130 to continually determine the loca-
tional coordinates associated with the vehicle 102 as pro-
vided by the GPS 1305. The barrier control module 142 may
also access the barrier profile stored on the storage unit 116
and may communicate with the navigation system 130 to
determine 11 the vehicle 102 1s entering any of the portions
of the boundary 312. More specifically, the barrier control
module 142 may continually compare the locational coor-
dinates of the vehicle 102 against the plurality of GPS
coordinates associated with portions of the boundary 312 to
determine if they overlap with one another. If 1t 1s deter-
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mined that the overlapping of the locational coordinates of
the vehicle 102 occurs with the plurality of GPS coordinates
associated with portions of the boundary 312, the barrier
control module 142 determines that the vehicle 102 enters
the inner geo-fence zone 310. For example, with reference
to FIG. 3B, 11 the vehicle 102 i1s being driven out (e.g.,
reversed) from the garage 322, the vehicle 102 may enter the
iner geo-fence zone 310 as the vehicle 102 1s leaving the
garage 322 and being driven down the driveway 326. In such
a scenario, the barrier control module 142 may determine
when the vehicle 102 enters the mner geo-fence zone 310
once the vehicle 102 crosses one of the portions of the
boundary 312.

Upon determining that the vehicle 102 enters the at least
one outer geo-fence zone (at block 504), or determining that

the vehicle 102 enters the at least one 1nner geo-fence zone

(at block 506), the method 500 may proceed to block 508,
wherein the method 500 may include sending one or more
status request data signals to the barrier controller 124. In
one embodiment, the barrier control module 142 may utilize
the vehicle communication system 122 to send the one or
more status request data signals to the transceiver 128 to
determine the current state of the barrier 104. In other words,
the barrier control module 142 may send the status request
data signals to determine 11 the barrier 104 1s currently 1n the
opened state, the closed state, or the partially opened state.

The method 500 may proceed to block 510, wherein the
method 500 may include recerving one or more current state
data signals from the barrier controller 124. In one or more
embodiments, the barrier controller 124 may evaluate the
one or more status request data signals received by the
transceiver 128 and may determine the current state of the
barrier 104. The barrier controller 124 may determine the
current state as the opened state when the barrier 104 1s 1n
a Tully opened position. Additionally, the barrier controller
124 may determine the current state as the closed state when
the barrier 104 1s in a fully closed position. In some
embodiments, the barrier controller 124 may determine the
current state of the barrier 104 as the partially opened state
when the barrier 104 1s partially opened. The barrier con-
troller 124 may turther determine the barrier traversing level
of the barrier 104 (e.g., 65% open) when the current state of
the barrier 104 1s the partially opened state.

In an exemplary embodiment, upon determining the cur-
rent state of the barrier 104, the barrier controller 124 may
utilize the transceiver 128 to communicate the one or more
current state data signals that include the current state of the
barrier 104 as the opened state, the closed state, or the
partially opened state to vehicle commumnication system 122.
In some embodiments, when the barrier 104 1s determined to
be 1n the partially opened state, the current data state data
signal(s) may additionally include the barrier traversing
level of the barrier 104.

Referring again to the method 200 of FIG. 2, upon
determining the state of the barrier 104 (at block 206), the
method 200 may proceed to block 208, wherein the method
200 may include sending at least one barrier control signal
to remotely control movement of the barrier 104. Block 208
will be discussed 1n more detail with respect to FIG. 6, a
process flow diagram of a method 600 for sending the at
least one barrier control signal to remotely control move-
ment of the barrier 104 within the execution mode of the
barrier TOC application 106 according to an exemplary
embodiment. FIG. 6 will be described with reference to the
components of FIG. 1 though 1t 1s to be appreciated that the
method of FIG. 6 may be used with other systems and/or
components.




US 10,410,448 B2

23

The method 600 may begin at block 602, wherein the
method 600 may include determining if the vehicle 102 1s
arriving towards the barrier 104 or departing away from the
barrier 104. As discussed 1n detail above, with respect to
block 502, 1n an exemplary embodiment, the barrier control
module 142 may communicate with the navigation system
130 to evaluate 11 the vehicle 102 1s being driven towards the
barrier 104 or away from the barrier 104. The navigation
system 130 may communicate the results of the evaluation
with the barrier control module 142 and the module 142 may
respectively determine 11 the vehicle 102 1s arriving towards
the barrier 104 or the vehicle 102 1s departing away from the
barrier 104.

I 1t 1s determined that the vehicle 102 1s arriving towards
the barrier 104 (at block 602), the method may proceed to
block 604, wherein the method 600 may include determin-
ing 1f the vehicle 102 enters the iner geo-fence zone. As
discussed above with respect to the method 500, the barrier
control module 142 may determine that the vehicle 102
enters one of the outer geo-fence zones 314, 316, as the
vehicle 102 crosses one of the portions of the boundaries
318, 320. Accordingly, as the vehicle 102 may continue to
travel through one of the outer geo-fence zones 314, 316
towards the barrier 104, the barrier control module 142 may
access the barrier profile stored on the storage unit 116 and
may communicate with the navigation system 130 to deter-
mine 1f the vehicle 102 1s entering any of the portions of the
boundary 312 of the inner geo-fence zone 310. More spe-
cifically, the barrier control module 142 may continue to
compare the locational coordinates of the vehicle 102
against the plurality of GPS coordinates associated with
portions of the boundary 312 to determine i they overlap
with one another. If it 1s determined that the overlapping of
the locational coordinates of the vehicle 102 occurs with the
plurality of GPS coordinates associated with portions of the
boundary 312, the barrier control module 142 determines
that the vehicle 102 enters the iner geo-fence zone 310.

If 1t 1s determined that the vehicle 102 enters the inner
geo-fence zone 310 (at block 604) or 1t 1s determined that the
vehicle 102 1s departing away from the barrier 104 (at block
602), the method 600 may proceed to block 606, wherein the
method 600 may include sending one or more barrier control
signals to the barrier controller 124 to traverse the barrier
104 based on the current state of the barrier 104. As
discussed above with respect to block 510 of the method
500, the barrier control module 142 may determine the
current state of the barrier 104 based on the receipt and
evaluation of one or more current state data signals sent from
the barrier controller 124.

In an exemplary embodiment, the barrier control module
142 may utilize the current state of the barrier 104 to
accordingly send the one or more barrier control signals to
remotely control the movement of the barrier 104 to traverse
the barrier 104. More specifically, 1f the barrier control
module 142 determines that the current state of the barrier
104 1s the closed state (at block 510), the barrier control
module 142 may utilize the vehicle communication system
122 to send the one or more barrier control signals to the
transcerver 128 to traverse the barrier 104 from the closed
state to the opened state. The barrier controller 124 may
evaluate the received barrier control signals and may respon-
sively move the barrier 104 to traverse the barrier 104 from
the closed state to the opened state.

Alternatively, 1f the barrier control module 142 deter-
mines that the current state of the barrier 104 1s the opened
state (at block 510), the barrier control module 142 may
utilize the vehicle communication system 122 to send the
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one or more barrier control signals to the transceiver 128 to
traverse the barrier 104 from the closed state to the opened
state. The barrier controller 124 may evaluate the received
barrier control signals and may responsively move the
barrier 104 to traverse the barrier 104 from the opened state
to the closed state. In some embodiments, 1f the barrier
control module 142 determines that the current state of the
barrier 104 1s the partially opened state (at block 510), the
barrier control module 142 may be configured to utilize the
vehicle communication system 122 to send the one or more
barrier control signals to the transceiver 128 to traverse the
barrier 104 from the partially opened state to the opened
state, to fully open the barrier 104 upon the arrival of the
vehicle 102. Conversely, the barrier control module 142 may
be configured to utilize the vehicle communication system
122 to send the one or more barrier control signals to the
transceiver 128 to traverse the barrier 104 from the partially
opened state to the closed state, to fully close the barrier 104
upon the departure of the vehicle 102.

The method 600 may proceed to block 608, wherein the
method 600 may include determining 1f the opening TOC
and/or the closing TOC requires calibration. In one embodi-
ment, when the vehicle 102 1s within the predetermined
measuring distance of the barrier 104, the barrier control
module 142 may communicate with the barrier learming
module 140 to re-measure the duration of the movement of
the barrier 104 during normal operation of the barrier 104.
The re-measurement may be completed to ensure that the
barrier 104 1s still traversing at the same rate as 1t was when
the opening TOC and the closing TOC were populated/
updated within the barrier profile. In other words, the
determination of block 608 may ensure that the opening
TOC and/or the closing TOC are accurate and may account
for any potential wear and tear, aging, and environmental
factors that may occur with respect to the components of the
barrier 104 and/or the barrier controller 124 (e.g., motor,
cable, etc.).

In an exemplary embodiment, as discussed above, the
barrier learning module 140 may determine i the vehicle
102 1s within the predetermined measuring distance. More
specifically, the navigation system 130 may communicate
the GPS coordinates of the vehicle 102 to the barrier
learning module 140 as determined by the GPS 1305. Upon
receiving the GPS coordinates of the vehicle 102, the barrier
learning module 140 may access the barrier profile stored on
the storage unit 116 to retrieve the geo-location associated
with the barrier 104. The barrier learning module 140 may
turther compare the GPS coordinates of the vehicle 102 with
the geo-location associated with the barrier 104 to determine
if the vehicle 102 1s located within the predetermined
distance of the barrier 104.

Upon determining that the vehicle 102 1s within the
predetermined measuring distance, the barrier learning mod-
ule 140 may utilize the vehicle communication system 122
to send (e.g., transmit) the one or more barrier learning
execution data signals to the transceiver 128 to be inter-
preted by the barrier controller 124. In one embodiment, the
barrier learning execution data signal(s) may indicate that
the barrier controller 124 should send the plurality of barrier
movement response signals while the barrier 104 1s travers-
ing based on the entrance of the vehicle 102 within the outer
geo-fence zone as 1t’s arriving towards the barrier 104 or
departing away from the barrier 104. Upon interpreting the
barrier learning execution data signal(s), the barrier control-
ler 124 may utilize the transceiver 128 to send the plurality
of barrier movement response signals to be analyzed by the
barrier learning module 140. In particular, the barrier learn-
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ing module 140 may utilize the system clock to measure a
present-day duration of the movement of the barrier 104 as
its being traversed from the opened state to the closed state
and/or the closed state to the opened state, based on the
current state of the barrier 104 (as discussed with respect to
block 606).

In an alternate embodiment, the barrier learning module

140 may communicate with the image sensors 132 and the
RADAR/LADAR sensors 134. As discussed above, the

image sensors 132 and/or the RADAR/LADAR sensors 134
may be configured to send the plurality of barrier movement
sensing signals that may indicate the direction of movement
and the movement of the barrier 104 to the barrier learning
module 140. The barrier learning module 140 may utilize the
system clock to measure the present-day duration of the
movement of the barrier 104 based on an evaluation of the
plurality of barrier movement sensing signals to determine
the present-day duration of the movement of the barrier 104
as 1ts being traversed from the closed state to the opened
state and/or the closed state to the opened state.

In an exemplary embodiment, the barrier learning module
140 may access the barrier profile stored on the storage unit
116 to acquire the opening TOC and/or the closing TOC.
When the barrier learning module 140 determines the pres-
ent-day duration of the movement of the barrier 104 as 1ts
being traversed from the opened state to the closed state, the
barrier learning module 140 may compare the present-day
duration to the closing TOC to determine if a varnance
between the two values fall within the predetermined margin
of error. Additionally, when the barrier learning module 140
determines the present-day duration of the movement of the
barrier 104 as 1ts being traversed from the closed state to the
opened state, the barrier learning module 140 may compare
the present-day duration to the opening TOC to determine 11
a variance between the two values fall within the predeter-
mined margin of error.

In one embodiment, 1f the barrier learning module 140
determines that the variance between the present-day dura-
tion of the movement of the barrier 104 as 1ts being traversed
from the closed state to the opened state and the opening
TOC {falls outside the predetermined margin of error, the
barrier learming module 140 may determine that the opening
TOC requires calibration. In the same way, 1f the barrier
learning module 140 determines that the variance between
the present-day duration of the movement of the barrier 104
as 1ts being traversed from the opened state to the closed
state and the closing TOC {falls outside the predetermined
margin of error, the barrier learning module 140 may deter-
mine that the closing TOC requires calibration.

I 1t 1s determined that the opening TOC and/or the closing
TOC require calibration (at block 608), the method 600 may
proceed to block 610, wherein the method 600 may include
updating the opening TOC and/or the closing TOC. In one
embodiment, upon determining that the vanance between
the present-day duration of the movement of the barrier 104
as 1ts being traversed from the closed state to the opened
state and the opening TOC falls outside the predetermined
margin of error, the barrier learming module 140 may access
the barrier profile and update the opening TOC with a value
that reflects the present-day duration of the movement of the
barrier 104 as 1ts being traversed from the closed state to the
opened state. The updated value 1s subsequently applied as
the opening TOC during the execution of the application
106. Similarly, upon determining that the variance between
the present-day duration of the movement of the barrier 104
as 1ts being traversed from the opened state to the closed
state and the closing TOC {falls outside the predetermined
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margin of error, the barrier learming module 140 may access
the barrier profile and update the closing TOC with the value
that reflects the present-day duration of the movement of the
barrier 104 as 1ts being traversed from the opened state to the
closed state. The updated value 1s subsequently applied as
the closing TOC during the execution of the application 106.

Referring again to the method 200 of FIG. 2, upon
sending the at least one barrier control signal to remotely
control movement of the barrier 104 (at block 208), the
method 200 may proceed to block 210, wherein the method
200 may include presenting the countdown notification
relating to the movement of the barrier 104. Block 206 will
be discussed 1n more detail with respect to FIG. 7A, a
process flow diagram of a method 700 for presenting the
countdown notification relating to the movement of the
barrier 104 within the execution mode of the barrier TOC
application 106 according to an exemplary embodiment.
FIG. 7A will be described with reference to the components
of FIG. 1 though 1t 1s to be appreciated that the method of
FIG. 7A may be used with other systems and/or components.

The method 700 may begin at block 702, wherein the
method 700 may include determining 1f the one or more
barrier control signals have been sent to traverse the barrier
104 to the opened state or the closed state. In an exemplary
embodiment, upon sending the barrier control signals to
remotely control the movement of the barrier 104 to traverse
the barrier 104 to the opened state or the closed state, the
barrier control module 142 may communicate data that
includes details regarding the sending of the signal(s) to the
barrier TOC module 144. The barrier TOC module 144 may
analyze the data and may determine if the one or more
barrier control signals have been sent to traverse the barrier
104 to the opened state or the closed state. In particular, this
determination pertains to the approaching of the vehicle 102
towards the barrier 104 or the departing of the vehicle 102
away Irom the barrier 104 and 1s used by the barrier TOC
module 144 to accordingly provide notification(s) and/or
control of the vehicle 102, as discussed 1n more detail below.

If 1t 1s determined that the one or more barrier control
signals have been sent to traverse the barrier 104 to the
opened state (at block 702), the method 700 may proceed to
block 704, wherein the method 700 includes determining 1t
the vehicle 102 1s being operated autonomously. In one
embodiment, the barrier TOC module 144 may communi-
cate with the autonomous controller 108 to determine if the
autonomous controller 108 1s operating the vehicle 102
autonomously. As discussed, the autonomous controller 108
may be operably connected to one or more components of
the vehicle 102 to provide the partially autonomous vehicle
operation or the fully autonomous vehicle operation.

If 1t 1s determined that the vehicle 102 1s being operated
autonomously (at block 704), the method 700 may proceed
to block 706, wherein the method 700 may include sending
the opening TOC to the autonomous controller 108 to
operate the vehicle 102 to arrive when the barrier 104 1s
traversed to the opened state. In one or more embodiments,
the barrier TOC module 144 may access the barrier profile
stored on the storage unit 116 to retrieve the stored opening
TOC. Upon retrieving the stored opening TOC, the barrier
TOC module 144 may communicate the opening TOC to the
autonomous controller 108. The autonomous controller 108
may be configured to analyze the opening TOC and to
operate the vehicle 102 to arrive towards the barrier 104 and
ultimately reach the location of the barrier 104 upon the
barrier 104 being traversed to the opened state. In other
words, the autonomous controller 108 may determine the
amount of time required for the barrier 104 to traverse from
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the closed state to the opened state based on the opening
TOC and may operate the vehicle 102 (e.g., by acceleration,
braking, steering, etc.) to ensure that the vehicle 102 arrives
at the location of the barrier 104 upon the barrier 104 being
tully opened. This functionality may allow for optimal
clliciency with respect to fuel utilization and timing as the
vehicle 102 may not have to stop and wait for the barrier 104
to be fully opened.

If 1t 1s determined that the vehicle 102 1s not being
operated autonomously (at block 704), the method 700 may
proceed to block 708, wherein the method 700 may include
retrieving the opening TOC of the barrier 104 and convert-
ing the opening TOC to a countdown format. As discussed
above, the barrier TOC module 144 may access the barrier
profile stored on the storage unit 116 to retrieve the opening
TOC previously populated/updated on the barner profile.
Upon accessing the openming TOC, the barrier TOC module
144 may convert the opening TOC time based value to the
countdown format. In particular, the countdown format may
be indicative of a countdown that represents the timeframe
required to traverse the barrier 104 from the (fully) closed
state or the partially opened state to the (Tully) opened state.

The method 700 may proceed to block 710, wherein the
method 700 may include evaluating vehicle dynamics infor-
mation to determine a point 1n time at which to present the
countdown interface. In one or more embodiments, the
barrier TOC module 144 may communicate with the vehicle
dynamics sensors 136 to access the vehicle dynamics infor-
mation that pertains to the operation of the vehicle 102.
More particularly, the barrier TOC module 144 may evaluate
the vehicle dynamics information to determine the vehicle
speed, the vehicle braking, the vehicle steering, the engine
RPM, and the like. Upon evaluating the vehicle dynamics
information, the barrier TOC module 144 may determine the
point 1n time at which to present the countdown interface
such that the countdown notification 1s provided to the driver
of the vehicle 102 at a requisite time based on the speed and
operation of the vehicle 102 as it travels through the 1nner
geo-fence zone towards the location of the barrier 104.

In other words, the barrier TOC module 144 may evaluate
the vehicle dynamics information upon the vehicle 102
entering the inner geo-fence zone and sending the barrier
control signal to determine a point in time i1n which the
barrier TOC application 106 should present the countdown
interface including the countdown notification 1n synchro-
nization with the arrival of the vehicle 102 towards the
barrier 104. For example, when the vehicle 102 1s being
driven at a high rate of speed through the mner geo-fence
zone the barrier TOC module 144 may determine to present
the countdown notification at an earlier point 1n time than
when the vehicle 102 1s being driven at a low rate of speed
through the inner geo-fence zone to ensure that the count-
down notification 1s presented in synchronization with the
arrival of the vehicle 102 towards the barrier 104.

The method 700 may proceed to block 712, wherein the
method 700 may 1include presenting the countdown interface
representing the opening TOC within the vehicle 102. In an
exemplary embodiment, upon determiming the point in time
at which to present the countdown interface, the barrier TOC
module 144 may communicate one or more data signals to
the head unit 112 to present the countdown interface on the
display unit 114 of the vehicle 102 as part of the vehicle HMI
at the determined point 1n time.

FIG. 7B 1s an illustrative example of the countdown
interface 718 presented on the display unit 114 of the vehicle
102 according to an exemplary embodiment. As shown, the
countdown interface 718 may include the countdown noti-
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fication 720 that presents a running countdown that 1is
representative ol the countdown format indicating the open-
ing TOC of the barrier 104. The countdown interface 718
may additionally include the name 722 assigned to the
barrier 104 as retrieved by the barrier TOC module 144.

In one or more embodiments, during the movement of the
barrier 104, the countdown interface 718 may present an
abort mput object (e.g., user mterface button) (not shown)
that may be inputted by the user to stop the opening of the
barrier 104. In particular, when the abort mput object 1s
inputted by the user, the barrier TOC module 144 may
communicate the inputting of the object to the barrier
control module 142. The barrier control module 142 may
respectively send one or more barrier control signals to the
barrier controller 124 to abort the traversing of the barrier
104 from the closed state to the opened state. Upon receiving,
the barrier control signal(s), the barrier controller 124 may
stop the movement of the barrnier 104.

In one or more embodiments, upon completely traversing,
from the closed state to the opened state, the barrier con-
troller 124 may utilize the transceiver 128 to send the current
state data signal(s) to indicate the state of the barrier 104.
Upon the vehicle communication system 122 receiving the
current state data signal(s), and the barrier TOC module 144
evaluating the signal(s), the barrier TOC module 144 may
present a notification (not shown) on the countdown inter-
face 718 that indicates that the barrier 104 has completed
traversing irom the closed state to the opened state. Accord-
ingly, the countdown notification 720 may be iitially be
presented as a graphic that represents a number of seconds
and milliseconds remaining for the barrier 104 to traverse
from the closed state to the opened state. When the barrier
104 has completely traversed from the closed state to the
opened state, the countdown notification 720 may be pre-
sented as a graphic that represents the barrier 104 1n the
opened state.

With continued reference to the method 700 of FIG. 7A,
if 1t 1s determined that one or more barrier control signals
have been sent to traverse the barrier 104 to the closed state
(at block 702), the method 700 may proceed to block 714,
wherein the method 700 may include retrieving the closing
TOC from the barrier profile and converting the closing
TOC to a countdown format. In one embodiment, the barrier
TOC module 144 may access the barrier profile stored on the
storage unit 116 to retrieve the closing TOC previously
populated/updated on the barrier profile. Upon accessing the
closing TOC, the barrnier TOC module 144 may convert the
closing TOC time based value to the countdown format that
may be indicative of a countdown that represents the time-
frame required to traverse the barrier 104 from the (fully)
opened state or the partially opened state to the (fully) closed
state.

The method 700 may proceed to block 716, wherein the
method 700 may include presenting the countdown interface
representing the closing TOC within the vehicle 102. In an
exemplary embodiment, the barrier TOC module 144 may
communicate one or more data signals to the head unit 112
to present the countdown interface on the display unit 114 of
the vehicle 102 as part of the vehicle HMI. The countdown
interface may be presented in a similar manner as the
illustrative example shown i FIG. 7B that includes the
countdown noftification as a running countdown that is
representative of the countdown format indicating the clos-
ing TOC of the barnier 104.

In one or more embodiments, during the movement of the
barrier 104, the countdown interface 718 may present the
abort input object (e.g., user interface button) that may be
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inputted by the user to stop the closing of the barrier 104. In
particular, when the abort iput object 1s mputted by the
user, the barner TOC module 144 may communicate the
inputting of the object to the barrer control module 142. The
barrier control module 142 may respectively send one or
more barrier control signals to the barrier controller 124 to
abort the traversing of the barrier 104 from the opened state
to the closed state. Upon receirving the barrier control
signal(s), the barrier controller 124 may stop the movement
of the barrier 104.

In one or more embodiments, upon completely traversing
from the opened state to the closed state, the barrier con-
troller 124 may utilize the transceiver 128 to send the current
state data signal(s) to indicate the state of the barrier 104.
Upon the vehicle communication system 122 receiving the
current state data signal(s), and the barrier TOC module 144
evaluating the signal(s), the barrier TOC module 144 may
present a notification on the countdown interface that 1ndi-
cates that the barrier 104 has completed traversing from the
opened state to the closed state. As an illustrative example,
the countdown notification may be presented as a graphic
that represents a number of seconds and milliseconds
remaining for the barrier 104 to traverse from the opened
state to the closed state. When the barrier 104 has completely
traversed from the opened state to the closed state, the
countdown notification may be presented as a graphic that
represents the barrier 104 1n the closed state.

It should be apparent from the foregoing description that
various exemplary embodiments of the invention may be
implemented 1n hardware. Furthermore, various exemplary
embodiments may be implemented as instructions stored on
a non-transitory machine-readable storage medium, such as
a volatile or non-volatile memory, which may be read and
executed by at least one processor to perform the operations
described 1n detaill herein. A machine-readable storage
medium may 1include any mechanism for storing information
in a form readable by a machine, such as a personal or laptop
computer, a server, or other computing device. Thus, a
non-transitory machine-readable storage medium excludes
transitory signals but may include both volatile and non-
volatile memories, including but not limited to read-only
memory (ROM), random-access memory (RAM), magnetic
disk storage media, optical storage media, flash-memory
devices, and similar storage media.

It should be appreciated by those skilled in the art that any
block diagrams herein represent conceptual views of illus-
trative circuitry embodying the principles of the invention.
Similarly, it will be appreciated that any flow charts, flow
diagrams, state transition diagrams, pseudo code, and the
like represent various processes which may be substantially
represented 1n machine readable media and so executed by
a computer or processor, whether or not such computer or
processor 1s explicitly shown.

It will be appreciated that various implementations of the
above-disclosed and other features and functions, or alter-
natives or varieties thereot, may be desirably combined into
many other different systems or applications. Also that
various presently unforeseen or unanticipated alternatives,
modifications, variations or improvements therein may be
subsequently made by those skilled 1n the art which are also
intended to be encompassed by the following claims.

The invention claimed 1s:

1. A computer-implemented method for providing a
countdown notification relating to a movement of a barrier,
comprising: measuring a duration of the movement of the
barrier; determining a current state of the barrier, wherein
the current state of the barrier includes at least one of: an
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opened state and a closed state; sending at least one barrier
control signal to remotely control movement of the barrier,
wherein the at least one barrier control signal 1s based on the
current state of the barrier; and presenting the countdown
notification within a vehicle relating to the movement of the
barrier, wherein the countdown notification 1s presented at a
point in time that 1s based on an evaluation of a location and
vehicle dynamics information of the vehicle that 1s arriving,
towards the barrier or departing away from the barrier,
wherein the evaluation of vehicle dynamics mformation of
the vehicle includes evaluating at least one of: vehicle speed,
vehicle braking, vehicle steering, and engine RPM, wherein
the countdown notification includes a running countdown of
the duration of the movement of the barrier that indicates a
remaining time to traverse the barrier from at least one of:
the closed state to the opened state, or the opened state to the
closed state.

2. The computer-implemented method of claim 1, further
including determining an mner geo-fence zone that 1s within
a predetermined vicimty of the barrier and at least one outer
geo-fence zone that 1s within a predetermined vicinity of the
barrier, wherein determining the inner geo-fence zone and
the at least one outer geo-fence zone includes determining,
and storing a plurality of global positioning coordinates
associated with a first predetermined area within a barrier
profile associated with the barrier to indicate boundaries of
the mner geo-fence zone and determining and storing a
plurality of global positioning coordinates associated with at
least one additional predetermined area to indicate bound-
aries of the at least one outer geo-fence zone within the
barrier profile associated with the barrier, wherein a size of
the mmner geo-fence zone 1s based on a surrounding envi-
ronment of the barrier as determined based on at one of: a
street, a driveway, a surrounding structure, and a surround-
ing object.

3. The computer-implemented method of claim 1,
wherein measuring the duration of the movement of the
barrier includes receiving a plurality of signals from a
barrier controller that indicate at least one of: an opening of
the barrier, and a closing of the barrier.

4. The computer-implemented method of claim 3,
wherein measuring the duration of the movement of the
barrier includes evaluating the plurality of signals received
from the barrier controller, wherein the plurality of signals
are evaluated with respect to a system clock of an electronic
control unit to measure the duration of the movement of the
barrier based on a calculation of a duration of time that the
plurality of signals are recerved.

5. The computer-implemented method of claim 1,
wherein determining the current state of the barrier includes
sending at least one status request data signal to a barrier
controller and receiving at least one current state data signal
from the barrier controller to determine the current state of
the barrier.

6. The computer-implemented method of claim 5,
wherein determining the current state of the barrier includes
determining 1f the vehicle 1s arrving towards the barrier and
sending the at least one status request data signal to the
barrier controller when the vehicle enters at least one outer
geo-fence zone that 1s within a predetermined vicinity of the
barrier, wherein the vehicle enters the at least one outer
geo-fence zone prior to entering an inner geo-fence zone that
1s within a predetermined vicinity of the barrier when the
vehicle 1s arnving towards the barner.

7. The computer-implemented method of claim 6,
wherein determining the current state of the barrier includes
determining 11 the vehicle 1s departing away from the barrier
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and sending the at least one status request data signal to the
barrier controller when the vehicle enters the inner geo-
fence zone.

8. The computer-implemented method of claim 6,
wherein sending the at least one barrier control signal to
remotely control movement of the barrier includes sending
the at least one barrier control signal upon the vehicle
entering the inner geo-fence zone.

9. The computer-implemented method of claim 1,
wherein sending the at least one barrier control signal to
remotely control movement of the barrier includes sending,
the at least one barrier control signal to remotely control the
movement of the barrier to traverse the barrier from the
closed state to the opened state when the current state of the
barrier 1s the closed state and sending the at least one barrier
control signal to remotely control the movement of the
barrier to traverse the barrier from the opened state to the
closed state when the current state of the barrier 1s the
opened state.

10. A system for providing a countdown notification
relating to a movement of a barrier, comprising: a memory
storing 1nstructions when executed by a processor cause the
processor to: measure a duration of the movement of the
barrier; determine a current state of the barrier, wherein the
current state of the barrier includes at least one of: an opened
state and a closed state; send at least one barrier control
signal to remotely control movement of the barrier, wherein
the at least one barrier control signal 1s based on the current
state of the barrier; and present the countdown notification
within a vehicle relating to the movement of the barrier,
wherein the countdown notification 1s presented at a point in
time that 1s based on an evaluation of a location and vehicle
dynamics information of the vehicle that i1s arriving towards
the barrier or departing away from the barrier, wherein the
evaluation of vehicle dynamics information of the vehicle
includes evaluating at least one of: vehicle speed, vehicle
braking, vehicle steering, and engine RPM, wherein the
countdown notification includes a runming countdown of the
duration of the movement of the barrier that indicates a
remaining time to traverse the barrier from at least one of:
the closed state to the opened state, or the opened state to the
closed state.

11. The system of claim 10, further including determining
an 1nner geo-fence zone that 1s within a predetermined
vicinity of the barrier and at least one outer geo-fence zone
that 1s within a predetermined vicinity of the barrier, wherein
determining the inner geo-fence zone and the at least one
outer geo-fence zone includes determining and storing a
plurality of global positioning coordinates associated with a
first predetermined area within a barrier profile associated
with the barrier to indicate boundaries of the mner geo-fence
zone and determiming and storing a plurality of global
positioning coordinates associated with at least one addi-
tional predetermined area to indicate boundaries of the at
least one outer geo-fence zone within the barrier profile
associated with the barrier, wherein a size of the inner
geo-fence zone 1s based on a surrounding environment of the
barrier as determined based on at one of: a street, a driveway,
a surrounding structure, and a surrounding object.

12. The system of claim 10, wherein measuring the
duration of the movement of the barrier includes receiving
a plurality of signals from a barrier controller that indicate
at least one of: an opening of the barrier, and a closing of the
barrier.

13. The system of claim 12, wherein measuring the
duration of the movement of the barrier includes evaluating
the plurality of signals received from the barrier controller,
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wherein the plurality of signals are evaluated with respect to
a system clock of an electronic control unit to measure the
duration of the movement of the barrier based on a calcu-
lation of a duration of time that the plurality of signals are
received.

14. The system of claim 10, wherein determining the
current state of the barrier includes sending at least one
status request data signal to a barrier controller and receiving
at least one current state data signal from the barrier con-
troller to determine the current state of the barrer.

15. The system of claim 14, wherein determining the
current state of the barrier includes determining 1f the
vehicle 1s arriving towards the barrier and sending the at
least one status request data signal to the barrier controller
when the vehicle enters at least one outer geo-fence zone
that 1s within a predetermined vicinity of the barrier, wherein
the vehicle enters the at least one outer geo-fence zone prior
to entering an 1nner geo-fence zone that 1s within a prede-
termined vicinmity of the barrier when the vehicle 1s arriving
towards the barrer.

16. The system of claim 15, wherein determining the
current state of the barner includes determining 1f the
vehicle 1s departing away from the barrier and sending the
at least one status request data signal to the barrier controller
when the vehicle enters the mner geo-fence zone.

17. The system of claim 15, wherein sending the at least
one barrier control signal to remotely control movement of
the barrier includes sending the at least one barrier control
signal upon the vehicle entering the inner geo-fence zone.

18. The system of claim 10, wherein sending the at least
one barrier control signal to remotely control movement of
the barrier includes sending the at least one barrier control
signal to remotely control the movement of the barrer to
traverse the barrier from the closed state to the opened state
when the current state of the barrier 1s the closed state and
sending the at least one barrier control signal to remotely
control the movement of the barrier to traverse the barrier
from the opened state to the closed state when the current
state of the barrier 1s the opened state.

19. A non-transitory computer readable storage medium
storing 1nstructions that when executed by a computer,
which includes a processor that performs a method, the
method comprising: measuring a duration of a movement of
a barrier; determining a current state of the barrier, wherein
the current state of the barrier includes at least one of: an
opened state and a closed state; sending at least one barrier
control signal to remotely control movement of the barrier,
wherein the at least one barrier control signal 1s based on the
current state of the barrier; and presenting the countdown
notification within a vehicle relating to the movement of the
barrier, wherein the countdown notification 1s presented at a
point 1n time that 1s based on an evaluation of a location and
vehicle dynamics information of the vehicle that 1s arriving,
towards the barrier or departing away Ifrom the barrier,
wherein the evaluation of vehicle dynamics information of
the vehicle includes evaluating at least one of: vehicle speed,
vehicle braking, vehicle steering, and engine RPM, wherein
the countdown notification includes a running countdown of
the duration of the movement of the barrier that indicates a
remaining time to traverse the barrier from at least one of:
the closed state to the opened state, or the opened state to the
closed state.

20. The non-transitory computer readable storage medium
of claim 19, wherein sending the at least one barrier control
signal to remotely control movement of the barrier includes
sending the at least one barrier control signal to remotely
control the movement of the barrier to traverse the barrier
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from the closed state to the opened state when the current
state of the barrier 1s the closed state and sending the at least
one barrier control signal to remotely control the movement
of the barrier to traverse the barrier from the opened state to
the closed state when the current state of the barrier 1s the 5
opened state.

34
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